This paper estimates the economic impacts of BSE-related restrictions imposed on beef imports from the United States and Canada in 2004. The analysis is based on a simulation framework which consists of a partial equilibrium (PE) model and a general equilibrium (GE) model. The PE model focuses on bilateral trade in beef products at the HS six-digit level. The GE model is an economy-wide computable general equilibrium model of bilateral trade specified at an aggregate product level. It is estimated that the long-term effects of the 2004 BSE bans were a $3
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The Simulation Framework
This analysis is based on simulations with a modeling framework which consists of a partial equilibrium (PE) model and a general equilibrium (GE) model. The PE model focuses on bilateral trade in beef products, specified at the Harmonized System (HS) six-digit level, between the United States and other major markets. Cattle and beef production and consumption are specified at a more aggregate level.
In the simulation of the BSE-related restrictions, the PE model finds market-clearing prices for each of the beef products. Several of the variables considered in the analysis, however, are outside the scope of the PE model. These variables include livestock feed prices; other input costs for beef producers; other product prices for demanders of beef products; and household income. These variables influence the estimated effects for beef trade, production and consumption. In this work, a GE model provides estimates of these effects.
The advantage of linking a PE model to a GE model is that the PE model accounts for differences in bilateral trade policies at the HS six-digit level while the GE model provides for linkages with the rest of the economy, especially the rest of agriculture, both within the United States and other economies. The appendix discusses in detail the PE model and simulations.
Studies of livestock sector issues apply one of two approaches. One approach is that of dynamic, short-run analysis. Under this approach the analysis considers year-to-year changes or even quarter-to-quarter changes (e.g., Paarlberg et al., 2008) . The other approach is that of longterm analysis where the analysis considers changes between the market equilibrium before the policy change and the equilibrium after the policy change when all adjustments have taken place (e.g., Devadoss et al., 2006, and Wigle et al., 2007) . This work follows the latter approach.
Aggregating Trade Policy Measures
Linking a PE model to a GE model not only provides a detailed analysis of the BSE restrictions within a GE framework, but also provides an improved method of aggregating trade policies. Applied GE models are aggregate in their sectoral and product specification. At a minimum, their product specification converts individual tariff lines into aggregates that conform to the higher-level statistics available for production and consumption.
The most common method of aggregating trade policies is based on import value weights.
An important advantage of import value weights is that the necessary statistics are accessible at the HS six-digit level. A shortcoming of the method is that if a tariff rate increases, import demand would decrease, and the weight of that tariff would decline thereby reducing the importance of that tariff in the aggregate tariff.
Several authors have studied the implications of aggregating trade policies in GE models.
Bach, Martin, and Stevens found that their estimate of economic welfare from China's trade reforms in the context of WTO accession was doubled if appropriate tariff aggregators were used to account for tariff dispersion. Bach and Martin subsequently defined ways in which a detailed set of tariffs may be aggregated consistently to measure tariffs at the sectoral level. A PE-GE approach is also useful in this work because of the nature of the trade policies analyzed. The standard approach of simulating the ad valorem tariff equivalents of quantitative import restrictions at an aggregate product level is difficult to implement here because different quantitative restrictions were placed on specific beef products. The PE model, however, allows the simulation of the quantitative restrictions at the HS 6-digit product level and the estimation of ad valorem tariff equivalents at an aggregate product level.
Linking the PE model to the GE model
The simulation performed with the PE-GE framework consists of three steps. First, a PE simulation provides estimates of the effects of restricting the quantity of beef imports from the United States and Canada at the HS six-digit level. Among the outcomes of the PE simulation are estimates of the ad valorem tariff equivalents of the quantitative restrictions. Second, the effects of the estimated tariff equivalents are simulated with the GE model to obtain estimates of the GE effects. Third, the effects of the quantitative restrictions are simulated again with a PE simulation that incorporates the estimates of selected GE effects.
3 This second-round PE simulation provides updated estimates of the effects on U.S. beef trade, production, and consumption.
The PE model and simulations are discussed in detail in the appendix. The GE model is the Global Trade Analysis Project (GTAP) model, an economy-wide computable general equilibrium model of world trade specified at an aggregate product level (Hertel, 1997) .
The appendix discusses the GE effects that are included in the second-round PE simulation. Table 2 shows estimated effects on the volume of exports of four broad categories of beef products-offal, carcasses, bone-in, and boneless-from the United States and other countries.
Simulated Effects of BSE Restrictions
The most affected categories of U.S exports are estimated to have been bone-in beef products (exports declined by 94 percent) and beef carcasses (exports declined by 84 percent).
As U.S. and Canadian exports decreased, exports from Australia and New Zealand increased substantially (table 2) . Mexican imports also increased, but from a small base. Korean exports of beef meat products decreased because their prices in the world market increased less than their prices in the domestic market. Table 3 shows estimated effects on U.S. exports of all beef products, by country of destination. U.S. exports to Korea and Japan were affected the most by the BSE-related measures because the BSE-related measures of these two countries were quite restrictive and because the United States exports large quantities of beef to these two countries. Tables 4 and 5 U.S. demand for imported beef declined and as a result, even though domestic demand for U.S.
beef increased, overall U.S. demand for beef is estimated to have declined by 1.5 percent. On the supply side, the increased price of imported beef in the U.S. market prevented the producer price for U.S. beef from declining by more than 1.42 percent.
It is estimated that the BSE-related measures in effect in 2004 caused the long-run annual sales revenue of the U.S. beef packing industry to decline by $2.7 billion, or 7.4 percent. Most of the lost sales revenue was in beef meat. Table 6 shows estimated effects for the beef cattle industry. The producer price for U.S.
beef cattle is estimated to decline by 3.4 percent because of the BSE-related restrictions. As a result of lower prices, the supply of U.S. beef cattle declined by 5.6 percent. The U.S. beef cattle industry is estimated to lose $1.3 billion in annual revenue or about 9 percent.
6 Table 6 shows that despite large beef exports from Brazil and Argentina, beef cattle production in these two countries does not expand significantly because most of the countries that banned U.S. and Canadian beef were not importing beef from Brazil and Argentina due to foot and mouth disease restrictions.
Summary and Conclusions
This paper estimated the economic impacts of BSE-related restrictions imposed on beef imports from the United States and Canada in 2004. The analysis was based on a simulation framework which consists of a partial equilibrium (PE) model and a general equilibrium (GE) model.
The long-term effects of the 2004 BSE bans were a 6 percent decline in the supply of U.S. beef cattle; a $1.3 billion, or 9 percent decline in beef cattle sales revenue; and a $2.7 billion, or 7 percent decline in beef packing sales revenue.
Linking a PE model to an off-the-shelf GE model for analyses of disaggregate trade policies provides a practical method which couples the richness afforded by the PE model with the economy-wide adjustments provided by the GE model.
References
Powell, A., and F. 
Partial Equilibrium Model
A partial equilibrium-general equilibrium framework is used to perform the simulation in this work. A PE-GE simulation consists of three steps. First, a PE simulation provides estimates of the effects of restricting the quantity of beef imports from the United States and Canada at the HS six-digit level by certain countries. Among the outcomes of the PE simulation are estimates of the ad valorem tariff equivalents of the restrictions. Second, the effects of the estimated tariff equivalents are simulated with a GE model to obtain estimates of GE effects. Third, the effects of the quantitative restrictions are simulated again with a PE simulation that incorporates estimates of selected GE effects.
This appendix specifies the partial equilibrium model, the partial equilibrium simulations, and the PE-GE links. The GE model is the Global Trade Analysis Project (GTAP) model, an economy-wide computable general equilibrium model of world trade (Hertel, 1997, and Dimaranan and McDougal, 2005) .
The Partial Equilibrium Model
Among the 14 meat products specified in the PE model, there are 12 HS six-digit beef products; the other two aggregate products are non-beef meat products and they are included in the PE model to align it to the GE model. The product and regional specifications of the PE and GE are presented in appendix table 1.
The PE model has a demand and a supply component. Appendix figure 1 shows the demand component of the PE model. In the top part of appendix figure 1, a representative economic agent in each region demands four aggregate goods: beef meat, beef offal, other meats, and other goods. The parameters that determine demands for these four commodities are ownand cross-price elasticities, ε ij , and income elasticities, η j . These elasticities are different from region to region in the model. 7 Regional income and the price of "other goods" are exogenous variables in the PE model. The GE model estimates effects for these two variables, which are then passed to the PE model in a second-round simulation.
The middle part in appendix figure 1 shows that the representative demander in a region sources the three meats from domestic production and imports. The decision as to how much beef meat to import is a function of the import price relative to the price of domestic beef meat. A constant elasticity of substitution (CES) function is used to model this decision. 8 The constant elasticity of substitution, σ, is assigned the value 1.5.
Next, appendix figure 1 shows that total imports of a particular meat category are a modeled as a CES aggregate of their component products. Imported beef meat is a CES aggregate of eight HS six-digit products, while beef offal is a CES aggregate of four six-digit products. This part of the model implies that if the price of a particular imported beef-meat HS six-digit product increases, the representative demander would demand less of that imported product and more of the other imported beef-meat products. The constant elasticity of substitution takes the value of 2.5 for all three meat categories.
The bottom part of appendix figure 1 shows that the sourcing of imports of a particular six-digit beef meat product is modeled with a CES function and it implies that if, for example, the price of frozen boneless beef meat from Australia increases, the representative demander would demand less of the Australian product and more of frozen boneless beef meat from other regions.
Similar sourcing equations apply to imports of beef offal and other meat products.
One of the assumptions of the modeling of demand in the PE model is that demanders differentiate the domestic product from the imported product. Demanders are also assumed to view imports of a particular product from a region as different from imports from all other 7 Price and income elasticities for the meat commodities are from Stout and Abler, 2004 . Price and income elasticities for the other goods category are from the GTAP model. 8 A CES production function is characterized by a constant percentage change in factor (e.g. labor and capital) proportions due to a percentage change in the marginal rate of technical substitution (Arrow et al., 1961). regions. These two assumptions constitute the Armington assumption of product differentiation by country of origin (Armington, 1969) .
Appendix figure 2 sketches the supply component of the PE model. The starting point is in the lower part of appendix figure 2, where supplies of cattle and other animals are modeled with a constant elasticity of transformation (CET) production possibilities frontier with an elasticity of transformation σ T . 9 The scale of the farming operation is exogenous to the PE model.
The GE model estimates effects for this variable, which are then passed to the PE model in a second-round simulation.
The two aggregate products "beef meat and offal" and "other meats" are produced by two processing sectors that demand meat animals and other inputs. Production in these two sectors is modeled with CES production functions that have an elasticity of substitution (σ) equal to 0.25.
The beef processing sector supplies beef meat and beef offal in approximately fixed proportions.
A CET function models these supplies, with a small elasticity of transformation (σ T = −0.10).
In the next stage in the PE model, meat supplied to the domestic market is differentiated from meat exports. CET production possibilities frontiers are applied to beef meat, beef offal and other meats. The elasticity of transformation is assigned a large value (σ T = −4.0), which implies that the degree of product differentiation between the product supplied to the domestic market and the product supplied to the export market is relatively small.
Regarding supplies to the domestic market, the model does not disaggregate beef meat and beef offal to six-digit HS level products. Exports of beef meat and beef offal, however, are 
The Second-round PE Simulation
The following GE effects from the GTAP simulation are incorporated in the secondround PE simulation (GTAP model variables are given in parentheses): scale of "cattle and other animal products" (qo ir ); aggregate consumer price for non-beef commodities (pp ir ); aggregate prices for non-livestock inputs for beef and other meat processors (pfe ijr and pf ijr ); regional income (y r ); and international transportation costs (pt).
The GE simulation revealed significant effects, e.g., y Australia =0.5 percent; y USA =-0.04 percent; qo Cattle_AnimalProds,Australia =9.8 percent; and pf Beef,USA =-0.04 percent. 
